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[Document] Specification 



[Title of the Invention] * Reflective Color Liquid Crystal Device 
[What Is Claimed Is] 

[Claim 1] A reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
nematic liquid crystal twisted 90° sandwiched between said 
substrates, a means that drives the liquid crystal through said 
electrodes, at least two colors of color filters, a polarizing 
plate disposed on the outside of each substrate, and a reflector, 
characterized in that 

the product Anxd of the birefringence An of said liquid 
crystal and the thickness d of the liquid crystal layer is 

greater than 0.34|im and less than 0.52|im. 

[Claim 2] A reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, a means that 
drives the liquid crystal through said electrodes, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that 

the thickness of the substrate on the side of the reflector 
is greater than or equal to 200jjiti. 

[Claim 3] A reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, a means that 
drives the liquid crystal through said electrodes, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that 

the drive surface area ratio is greater than or equal to 60% 
and less than or equal to 85%. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to a reflective color liquid 
crystal device. 

[Prior Art] 

The displays mounted on small-scale portable information 
terminals such as a PDA (Personal Digital Assistant) at present 
are almost all monochrome reflective STN (Super Twisted 



Nematic) liquid crystal. The need for a color display also is 
high, but in a conventional transmissive liquid crystal device, 
which requires a backlight, the power consumption is great, and 
it is not oriented toward portability. Accordingly, a liquid 
crystal device capable of color display using a reflective liquid 
crystal is strongly expected. 

[0003] 

The development of a reflective color liquid crystal device 
was begun in earnest from the mid-1980s. Before then, it was 
thought that with any type of liquid crystal mode, such as in 
Japanese Laid-Open Patent No. 50-80799, whether transmissive or 
reflective, color display was only possible by providing a 
primary color filter to it. Nevertheless, a transmissive color 
liquid crystal device does not function as a reflective color 
liquid crystal device by only providing, a reflector. The number- 
one question is how to assure a practical brightness. 

[0004] 

The widely-used TN (Twisted Nematic) and STN modes make at 
least half of the light useless because a polarizing plate is 
necessary. In an article by Mr. Tatsuo Uchida, et al . (IEEE 
Transactions on Electron Devices, Vol. ED-33, No. 8, pp. 1207- 
1211 (1986)), a comparison of various types of liquid crystal 
devices was performed as shown in its Fig. 2, and as a result, 
the PCGH (Phase Change Guest Host) mode, which does not require a 
polarizing plate, was selected. Also, in Japanese Laid-Open 
Patent No. 5-241143 as well, the PDLC (Polymer Distribution 
Liquid Crystal) mode, which does not require a polarizing plate, 
was selected in order to implement a reflective color liquid 
crystal device. Thus, the conventional belief was that a liquid 
crystal display mode using a polarizing plate was not suitable 
for a reflective color liquid crystal device. 

[0005] 

[Problems the Invention Tries to Solve] 

Nevertheless, because such a conventional reflective color 
liquid crystal device did not use a polarization plate, there was 
a problem that a high contrast could not be obtained, and as a 
result, color reproduction was poor. For example, in the article 
by Mr. Tatsuo Uchida, et al., it is understood from page 128, 
right column, line 19 that the designed value of the contrast 
ratio is 1:5. Also, in the aforementioned [sic] article by Mr. 
Seiichi Mitsui, et al., it is understood from page 439, line 22 
that the contrast ratio was only 1:3. Since the contrast ratio 
of a conventional transmissive color liquid crystal device is 



1:100 or more, a contrast ratio of 1:3 or 1:5 or less cannot 
compare. Also, whether the liquid crystal mode not using a 
polarizing plate is the PCGH mode or the PDLC mode, there are 
numerous problems in manufacturing and in the securing of 
reliability, and there is the big problem that it cannot be said 
to have been put to practical use yet. 

[0006] 

As a means to solve this problem, Japanese Laid-Open Patent 
No. 7-180481 proposed the combination of bright, light-tinted 
color filters with a liquid crystal move using a polarizing 
plate. However, the Anxd of the reflective color liquid crystal 
device using the TN mode was set to 1.34jim. This was in order to 
reduce the coloration during white display, but on the other 
hand, because the Anxd was great, the brightness was lost. 

[0007] 

Thus, the aim of the present invention is to provide a 
reflective color liquid crystal device that is bright and has a 
high contrast ratio by using a liquid crystal mode having a 
sufficiently high contrast in combination with bright, light- 
tinted color filters. 

[Means to Achieve the Object] 

The reflective color liquid crystal device as defined in 
Claim 1 is a reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
nematic liquid crystal twisted 90° sandwiched between said 
substrates, a means that drives the liquid crystal through said 
electrodes, at least two colors of color filters, a polarizing 
plate disposed on the outside of each substrate, and a reflector, 
characterized in that the product Anxd of the birefringence An of 
said liquid crystal and the thickness d of the liquid crystal 
layer is greater than 0.34^un and less than 0.52|im. 

[0009] 

In the scope of the above Anxd, because the width of the 
visual angle is taken in combination with the height of the 
transmissivity in front, the light introduced from the periphery 
can be included efficiently. Therefore, a brighter display can 
be obtained. Furthermore, because a black display is made 
possible at low voltage, the contrast is improved. Also, 
although there is a small amount of coloration, this coloration 
can be eliminated by adjusting the color filters. 



[0010] 



Also, because a bright display can be obtained even under a 
spotlight, it is preferable that the Anxd be greater than or 
equal to 0.40tim. Furthermore, the coloration can be 
substantially eliminated by making this less than or equal to 
0.48nm, which is more preferable. It is most preferable that the 
Anxd be 0.4211m, having little coloration and being brightest. By 
taking this configuration, there is the feature of being able to 
obtain a bright, high contrast. 

[0011] 

The reflective color liquid crystal device as defined in 
Claim 2 is a reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, a means that 
drives the liquid crystal through said electrodes, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that the thickness of the substrate 
on the side of the reflector is greater than or equal to 200|im. 

[0012] 

In order to suppress the reduction of brightness, it is 
preferable that the reflective color liquid crystal device not be 
provided with a light-blocking layer between the pixels. 
However, the light leakage between these pixels contributes to 
the reduction of contrast. 

[0013] 

By making the thickness of the reflector greater than or 
equal to 200|im, the light leakage between the pixels is reduced 
by the parallax between the dark display pixels or the signal 
lines, and it becomes possible to obtain a high contrast. 



[0014] 

The reflective color liquid crystal device as defined in 
Claim 3 is a reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, a means that 
drives the liquid crystal through said electrodes, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that the drive surface area ratio is 
greater than or equal to 60% and less than or equal to 85%. 



[0015] 



Here, drive surface area ratio indicates the percentage of 
the area in which the liquid crystal is driven, within the area 
of the pixels excluding non-transparent sections such as the scan 
electrodes. In an ordinary liquid crystal device, it is desired 
that the drive surface area ratio be high in order to secure a 
contrast. However, when the lower substrate is thick, a 
sufficient contrast can be obtained if the drive surface area 
ratio is greater than or equal to 60%. This is an effect of the 
reflection of the adjacent pixels. Also, the brightness of a 
white display is substantially unchanged by using a reflective 
color liquid crystal device having a low drive surface area 
ratio. However, if the drive surface area ratio is less than or 
equal to 85%, there is an effect of being able to obtain a bright 
display because the display of each color can use the light 
leaking between other pixels. 

[0016] 

[Description of the Preferred Embodiments] 

The present invention is explained below based on the 
drawings . 

[0017] 

(Embodiment 1) 

Fig. 1 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 1 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 
2 is an opposing substrate, 3 is liquid crystal, 4 is an element 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided color filters 7 
and opposing electrode (scanning line) 8, and on element 
substrate 4 are provided signal line 9, pixel electrode 10, and 
MIM element 11. Here, 1 and 2, 4 and 5, and 5 and 6 are drawn 
separated from each other, but this is in order to clarify the 
drawing, and in actuality they are adhered with glue. Also, the 
space between opposing substrate 2 and element substrate 4 is 
also drawn widely separated, but this is for the same reason, and 
in actuality there is only a gap of several jam to several tens of 
|im. Also, because Fig. 1 shows the essential components of a 
reflective color liquid crystal device, only 3x3 = 9 dots are 
illustrated, but the present embodiment has a higher number of 
dots than that, and it may have 480x640 = 307,200 dots or more. 



[0018] 



Opposing electrode 8 and pixel electrode 10 are composed of 
transparent ITO, and the signal line is formed with metallic Ta. 
The MIM element is of a structure having sandwiched an insulating 
film Ta205 with metallic Ta and metallic Cr. Liquid crystal 3 is 

nematic liquid crystal twisted 90°, and the upper and lower 
polarizing plates have their polarizing axes perpendicular to 
each other. This is the common TN mode configuration. Also, 
color filters 7 are composed of the two colors, red ("R" in the 
drawing) and cyan ("C" in the drawing) , being in a mutually 
complementary relationship, and they are arranged in stripes. 

[0019] 

Fig. 3 is a drawing showing the relationships among the 
direction of the orientation of the liquid crystal and the 
directions of the transmissive axes of the polarizing plates. 30 
is the left-right direction (lengthwise direction) of the liquid 
crystal panel, 31 is the direction of the transmissive axis of 
the upper polarizing plate, 32 is the rubbing direction of the 
opposing substrate, 33 is the rubbing direction of the element 
substrate, and 34 is the direction of the transmissive axis of 
the lower polarizing plate. Here, the angle 40 formed by the 
rubbing direction of the opposing substrate and the left-right 
direction of the liquid crystal panel is set to 45°, the angle 41 
formed by the direction of the transmissive axis of the upper 
polarizing plate and the rubbing direction of the opposing 

substrate is set to 90°, the twist angle 42 of the liquid crystal 
is set to right 90°, and the angle 43 formed by the direction of 
the transmissive axis of the lower polarizing plate and the 
rubbing direction of the element substrate is set to 90°. By 
being arranged in this manner, the molecules in the center of the 
liquid crystal layer stand up from the side of the observer (that 
is, the bottom of the drawing) when applied with voltage, and 
combined with the visual angle properties of the TN liquid 
crystal, a high-contrast display whereby reflections tend not to 
be seen becomes possible. Also, the placement whereby the 
transmissive axes of the polarizing plates are perpendicular to 
the rubbing directions of the adjacent substrates has less color 
variation according to the direction of the visual angle and is 
more preferable compared with a parallel placement. 

[0020] 

Here, a panel was fabricated whereby the birefringence An 
of the liquid crystal material was made 0.084, and the Anxd 
differs by changing the cell gap. 



[0021] 



Fig. 4 shows the Anxd and the reflectivity during white 
display. 51 is the reflectivity for each Anxd of the embodiment, 
and 52 is the reflectivity for each Anxd of a comparative 
example. For measurement, it was measured such that the light is 
introduced uniformly from all directions by using an integrating 
sphere. The reflectivity was taken as 100% of a standard white 
plate . 

[0022] 

As the Anxd becomes larger, the visual angle becomes 
narrower, that is, the display becomes darker because utilization 
of the light introduced diagonally decreases. 

[0023] 

In the embodiment, a display was obtained whereby the white 
was nearly colorless and there was substantially no change in 
coloration at any Anxd by adjusting the color filters so as to 
have a high transmissivity at the long wavelength end, 

[0024] 

Fig. 2 is a drawing showing the spectral properties of color 
filters 7 used when Anxd = 0.42|im. In Fig. 2, the horizontal 
axis is the light wavelength, the vertical axis is the 
transmissivity, 21 is the spectrum of the red filter, and 25 is 
the spectrum of the cyan filter. Spectroscopy was performed 
using a microspectrometer on the opposing substrate group, and 
the transmissivity of the glass substrate and transparent 
electrode was corrected to 100%. Below, the spectral properties 
of all the color filters were measured by this method. The red 
filter and the cyan filter regularly show a transmissivity of 50% 
or more within the wavelength range of 450nm to 660nm. Also, the 
average transmissivity with the same wavelength range was 72% for 
the red filter and 77% for the cyan filter. 

[0025] 

The display colors when Anxd = 0.72jim were red: x = 0.39, y 
= 0.32 for red, and cyan: x = 0.28, y = 0.31, approximately. 

[0026] 

Below, the highest transmissivity when Anxd = 0.42 is shown, 
and the reflectivity and contrast corresponding to a Anxd 
approximate to this are shown. 



[0027] 
[Table 1] 

1 comparative example 

2 embodiment 

3 comparative example 

4 reflectivity 

[0028] 

Thus, a bright, high-contrast display can be obtained by 
making the Anxd greater than or equal to 0.34jjm and less than or 
equal to 0 . 52|om. 

[0029] 

Also, a bright display is obtained because the visual angle 
is wide. However, when the Anxd is less than 0.40pim, the 
brightness in front is low, and under a spotlight it appears 
dark. Therefore, a Anxd greater than or equal to 0.40|im is 
preferable. Also, coloration can be substantially eliminated by 
making the Anxd less than or equal to 0.48|am, so a Anxd less than 
or equal to 0.48i-im is preferable. The most preferable Anxd is 
0.42|im, whereby the maximum brightness can be obtained. 

[0030] 

( Embodiment 2 ) 

Fig. 1 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 1 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 
2 is an opposing substrate, 3 is liquid crystal, 4 is an element 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided color filters 7 
and opposing electrode (scanning line) 8, and on element 
substrate 4 are provided signal line 9, pixel electrode 10, and 
MIM element 11. Here, 1 and 2, 4 and 5, and 5 and 6 are drawn 
separated from each other, but this is in order, to clarify the 
drawing, and in actuality they are adhered with glue. Also, the 
space between opposing substrate 2 and element substrate 4 is 
also drawn widely separated, but this is for the same reason, and 
in actuality there is only a gap of several Jim to several tens of 
jam. Also, because Fig. 1 shows the essential components of a 
reflective color liquid crystal device, only 3x3 = 9 dots are 



illustrated, but the present embodiment has a higher number of 
dots than that, and it may have 480x640 « 307,200 dots or more. 

[0031] 

Opposing electrode 8 and pixel electrode 10 are composed of 
transparent ITO, and the signal line is formed with metallic Ta. 
The MIM element is of a structure having sandwiched an insulating 
film Ta205 with metallic Ta and metallic Cr. Liquid crystal 3 is 
nematic liquid crystal twisted 90°, and the upper and lower 
polarizing plates have their polarizing axes perpendicular to 
each other. This is the common TN mode configuration. Also, 
color filters 7 are composed of the two colors, red ("R" in the 
drawing) and cyan ( XX C" in the drawing), being in a mutually 
complementary relationship, and they are arranged in stripes. 

[0032] 

Fig. 2 is a drawing showing the spectral properties of color 
filters 7. In Fig. 2, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 21 is the 
spectrum of the red filter, and 25 is the spectrum of the cyan 
filter. Spectroscopy was performed using a microspectrometer on 
the opposing substrate group, and the transmissivity of the glass 
substrate and transparent electrode was corrected to 100%. 
Below, the spectral properties of all the color filters were 
measured by this method. The red filter and the cyan filter 
regularly show a transmissivity of 50% or more within the 
wavelength range of 450nm to 660nm. Also, the average 
transmissivity with the same wavelength range was 72% for the red 
filter and 77% for the cyan filter. 

[0033] 

Fig. 3 is a drawing showing the relationships among the 
direction of the orientation of the liquid crystal and the 
directions of the transmissive axes of the polarizing plates. 30 
is the left-right direction (lengthwise direction) of the liquid 
crystal panel, 31 is the direction of the transmissive axis of 
the upper polarizing plate, 32 is the rubbing direction of the 
opposing substrate, 33 is the rubbing direction of the element 
substrate, and 34 is the direction of the transmissive axis of 
the lower polarizing plate. Here, the angle 40 formed by the 
rubbing direction of the opposing substrate and the left-right 
direction of the liquid crystal panel is set to 45°, the angle 41 
formed by the direction of the transmissive axis of the upper 
polarizing plate and the rubbing direction of the opposing 
substrate is set to 90°, the twist angle 42 of the liquid crystal 
is set to right 90°, and the angle 43 formed by the direction of 



the transmissive axis of the lower polarizing plate and the 
rubbing direction of the element substrate is set to 90°. By 
being arranged in this manner, the molecules in the center of the 
liquid crystal layer stand up from the side of the observer (that 
is, the bottom of the drawing) when applied with voltage, and 
combined with the visual angle properties of the TN liquid 
crystal, a high-contrast display whereby reflections tend not to 
be seen becomes possible. Also, the placement whereby the 
transmissive axes of the polarizing plates are perpendicular to 
the rubbing directions of the adjacent substrates has less color 
variation according to the direction of the visual angle and is 
more preferable compared with a parallel placement. 

[0034] 

The Anxd of liquid crystal 3 was set to 0.42|im. 
[0035] 

Fig. 5 shows the contrast when the thickness of element 
substrate is changed. In Fig. 5, the horizontal axis is the 
thickness of element substrate 4, the vertical axis is the 
contrast, 71 is the aggregation of points indicating the contrast 
for each thickness of element substrate 4 in Embodiment 2, and 72 
is the aggregation of points indicating the contrast for each 
thickness of element substrate 4 of a comparative example. The 
display colors for both during color display were red: x = 0.39, 
y = 0.32 and cyan: x = 0.28, x [sic: y] = 0.31, approximately. 

[0036] 

A good contrast of greater than or equal to 1:15 was 
obtained by making the thickness of element substrate 4 greater 

than or equal to 200(im. 
[0037] 

(Embodiment 3) 

Fig. 6 shows the properties of a reflective color liquid 
crystal device pertaining to Claim 3 of the present invention. 
Taking the same configuration as Embodiment 2, the relationships 
between the drive surface area ratio and contrast, and the drive 
surface area ratio and reflectivity when having changed the drive 
surface area ratio from 50% to 100% are shown. The horizontal 
axis takes the drive surface area ratio, the vertical axis takes 
the contrast and reflectivity, 91 is the contrast of the present 
embodiment, 92 is the contrast of a comparative example, 93 is 
the reflectivity during cyan display of the present embodiment, 



and 94 is the reflectivity during cyan display of the comparative 
example. 

[0038] 

If the drive surface area ratio is greater than or equal to 
60%, a good contrast of 1:5 or more can be obtained. Also, if 
the drive surface area ratio is less than or equal to 85%, a good 
brightness of greater than or equal to 23% in cyan display can be 
obtained. 

[0039] 

[Effect of the Invention] 

As described above, according to the present invention, a 
reflective color liquid crystal device that is bright and has a 
high contrast can be provided. 

[Brief Description of the Drawings] 

[Fig. 1] 

Fig. 1 is a drawing showing the essential components of a 
reflective color liquid crystal device in Embodiments 1, 2, and 3 
of the present invention. 

[Fig. 2] 

Fig. 2 is a drawing showing the spectral properties of color 
filters of a reflective color liquid crystal device in 
Embodiments 1, 2, and 3 of the present invention. 

[Fig. 3] 

Fig. 3 is a drawing showing the relationships among each 
axis of a reflective color liquid crystal device in Embodiments 
1, 2, and 3 of the present invention. 

[Fig. 4] 

Fig. 4 is a drawing showing the Anxd and the reflectivity 
during white display of a reflective color liquid crystal device 
in Embodiment 1 of the present invention. 

[Fig. 5] 

Fig. 5 is a drawing showing the relationship between the 
thickness of the element substrate and the contrast. of a 



reflective color liquid crystal device in Embodiment 2 of the 
present invention. 

[Fig. 6] 

Fig. 6 is a drawing showing the relationship between drive 
surface area ratio and contrast, and between drive surface area 
ratio and reflectivity, of a reflective color liquid crystal 
device pertaining to Claim 3 of the present invention. 

[Description of the Symbols] 



1 


upper polarizing plate 


2 


opposing substrate 


3 


liquid crystal 


4 


element substrate 


5 


lower polarizing plate 


6 


scattering reflector 


7 


color filter 


8 


opposing electrode (scan line, scan electrode) 


9 


signal line 


10 


pixel electrode 


11 


MIM element 


21 


red filter spectrum 


25 


cyan filter spectrum 


30 


left-right direction (lengthwise direction) of liquid 


crystal panel 


31 


transmissive axial direction of upper polarizing plate 


32 


rubbing direction of upper substrate (or opposing substrate) 


33 


rubbing direction of lower substrate (or element substrate) 


34 


transmissive axial direction of lower polarizing plate 


40 


angle formed by 30 and 32 


41 


angle formed by 31 and 32 


42 


twist angle of liquid crystal 


43 


angle formed by 33 and 34 


51 


reflectivity corresponding to each Anxd of the embodiment of 


the 


present invention in Embodiment 1 


52 


reflectivity corresponding to each Anxd of the comparative 


example in Embodiment 1 


71 


contrast corresponding to each thickness of the element 



substrate of the embodiment of the present invention in 
Embodiment 1 

72 contrast corresponding to each thickness of the element 
substrate of the comparative example in Embodiment 1 

91 contrast corresponding to drive surface area ratio of 
Embodiment 3 

92 contrast corresponding to drive surface area ratio of 
comparative example 

93 reflectivity during cyan display corresponding to drive 
surface area ratio of Embodiment 3 



94 reflectivity during cyan display corresponding to drive 
surface area ratio of comparative example 
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[Fig. 1] 
[Fig. 2] 

1 transmissivity 

2 wavelength 
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[Fig. 
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1 


reflectivity 


[Fig. 
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1 


contrast 


2 


thickness of element substrate 4 


[Fig. 


6] 


1 


contrast 


2 


drive surface area ratio 


3 


reflectivity 



[Document] Abstract of the Disclosure 

[Abstract] 

[Object] To provide a reflective color liquid crystal device 
that is bright and has a high contrast. 

[Means to Achieve the Object] *** 

In a reflective color liquid crystal device, comprising a pair of 
opposing substrates having electrodes on the inside, a nematic 
liquid crystal twisted 90° sandwiched between said substrates, a 
means that drives the liquid crystal through said electrodes, at 
least two colors of color filters, a polarizing plate disposed on 
the outside of each substrate, and a reflector, the product Anxd 
of the birefringence An of said liquid crystal and the thickness 
d of the liquid crystal layer is set to 0.42|om. 



[Selected Drawing] Fig. 1 
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